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~ABSTRACT ~

Background: Severe burns pose significant therapeutic challenges due to their complex pathophysiology,
the potential for life-threatening complications, long-term sequelae and the need for a multidisciplinary
approach. In this retrospective study, we aimed to comprehensively analyze burns involving over 50% of
the total body surface area (TBSA) treated in our institution over six years.

Materials and methods: We performed a retrospective study including 91 patients. The following
epidemiological and clinical characteristics were documented: age, sex, comorbidities, admission modality,
mechanism of injury, TBSA burned, burn depth, presence of inhalation injury, outcome, length of stay and
associated costs.

Results: In the study group, subjects had a mean age of 54.4 years (24-93), with a male-to-female ratio of
2.5:1. The median percentage of TBSA burned was 70% (50-99%) and 93.4% of patients had third-degree
burns. Inhalation injury was present in 71.4% of patients. Flame burns occurred in 90.1% of patients.
Prediction scores were assessed, with 60.4% of patients having an ABSI score above 12. Mortality in our
study group was 84.61% and 39.5% of patients died in the first week after burn injury. The most frequent
systemic complications were respiratory complications (95.6%), followed by cardiocirculatory (93.4%),
metabolic (84.6%), hematological (74.7%), renal (64.8%), hepatic (59.3%) and infectious complications
(38.4%).

Conclusions: Managing major burns is a highly complex process, which requires specialized care and
infrastructure to improve outcomes. Extensive burns, especially over 50% TBSA, have high morbidity and
mortality, with factors like age, severity and inhalation injury affecting prognosis. A multidisciplinary
approach is essential for treatment, addressing not only the burns but also systemic complications to prevent
multiple organ dysfunction syndrome and death.
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THE IMPACT OF SEVERE BURNS

INTRODUCTION

urns are a global public health problem,
accounting for an estimated 180,000
deaths annually and the fourth most fre-
quent type of injury worldwide (1). Se-
vere burns pose significant challenges
for medical professionals due to their complex
pathophysiology, potential for life-threatening com-
plications, long-term sequelae and the need for a
multidisciplinary approach. These challenges arise
from various factors, including the extensive tissue
damage caused by burns, which impairs wound
healing and increases the risk of infections. More-
over, the systemic inflammatory response triggered
by burn injuries can lead to immune dysfunction,
metabolic disturbances and cardiovascular chan-
ges, contributing to multi-organ dysfunction. Burn
units equipped to provide comprehensive care are
essential for optimizing patient outcomes (2, 3).

Prognosis is influenced by several elements, in-
cluding the time between the occurrence of the
burn injury and the admission to a specialized Burn
Center where specific treatment is initiated, the per-
centage of total body surface area (TBSA) affected
by burns, the depth of burn wounds, the anatomi-
cal location of burns, the mechanism of burn injury,
the presence of inhalation injury and potential
exposure to toxins, presence of additional traumatic
injuries and patient-specific factors including age
and preexisting chronic medical conditions (4).

In highly specialized burn centers, advanced
medical care and interventions are provided to
improve outcomes, but severe burns still pose sig-
nificant challenges (5). Various prognostic scoring
systems have been developed to assess mortality
risk in burn patients (6). Some commonly used
scoring systems include the abbreviated burn se-
verity index, revised Baux (rBaux) score and
Belgian outcome of burn injury score (7-9).

In this retrospective study, we aimed to
comprehensively analyze burns exceeding 50%
TBSA treated in our institution over six years. By
examining epidemiology, clinical outcomes and
prognostic factors we sought to enhance our un-
derstanding of these challenging cases and inform
evidence-based practices for theirmanagement. U

MATERIALS AND METHODS

e performed a retrospective study inclu-
ding patients with extensive burns over

248 Mhaedica | AlJournal of Clinical Medicine, Volume 19, No. 2, 2024

50% TBSA who were admitted to the Burn
Center of the Emergency Clinical Hospital of
Bucharest for six years between 1st January 2018
and 31st December 2023. Inclusion criteria for
patients in our study were the referral to our
burn center within 72 hours postburn injuries,
age>18 years and percentage of TBSA burned
>50%. Exclusion criteria were late transfer
>72 hours, percentage of TBSA burned <50%
and subjects with missing data. The following
epidemiological and clinical characteristics were
documented: age, sex, comorbidities, hospital of
primary treatment, mechanism of injury, burn
surface, burn wounds’ depth, presence of inha-
lation injury, length of stay in the burn center and
patients’ outcome. Wallace’s rule of nines for
adults was used as a tool to assess the surface of
burns (10). We calculated our study group's ABSI
score, rBaux score and BOBI score (7-9).

Upon admission to the Burn Centre, the ini-
tial focus was on stabilizing the patient and ad-
dressing immediate concerns such as airway
compromise, fluid resuscitation, pain manage-
ment and wound assessment. Intravenous fluid
resuscitation was initiated promptly following the
Parkland formula proposed by Charles R. Baxter
and adjusted based on urine output (with a tar-
get of an hourly urine output at 0.5 mL/kg/h), the
vital signs and laboratory parameters (11). In
cases where inhalation injury was suspected, di-
agnostic tools like bronchoscopy, arterial blood
gas analysis and chest imaging were employed to
confirm the diagnosis and assess the severity of
airway involvement.

In the emergency setting, surgical interven-
tions consisted of escharotomies or fasciotomies.
Once the patient was stabilized, further surgical
interventions consisting of burn wound excision
and covering with autologous skin grafts were
planned based on the extent and severity of the
burn injury. Routine burn wound care was per-
formed daily, adhering to our standardized unit
protocols for dressing changes and wound ma-
nagement.

Microbiological assessment was conducted on
admission and periodically during hospitaliza-
tion, depending on clinical suspicion and risk fac-
tors (using swab cultures from the burn wounds,
sputum cultures, endotracheal aspirate, blood
cultures, urine cultures, and cultures from cathe-
ter tips). Sepsis and infections in burns were de-
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fined according to the American Burn Associa-
tion Consensus Conference from 2007 (12).

Systemic complications were registered in
our study group, adapted after the criteria esta-
blished by Marshall et al for multiple organ dys-
function syndrome (13).

Data collected during the study were com-
piled into an Excel database and statistically ana-
lyzed using the IBM SPSS version 29.0 software
package. P-values of <0.05 were considered sta-
tistically significant. Receiver operator characte-
ristics (ROC) analysis was conducted to evaluate
the discriminatory power of scoring systems re-
garding mortality (14).

The study was conducted following the De-
claration of Helsinki, and the protocol was ap-
proved by the Hospital Ethics Committee of
Bucharest Emergency Clinical Hospital. O

RESULTS

ver the six-year study period, 484 patients

were admitted to our Burn Center, among
which 91 (18.8% of total number of patients)
met the inclusion criteria and presented a burn
surface over 50% TBSA.

The 91 patients had a mean age of
54.4 £17.3 years, ranging from 24 to 93 years.
In our study group, 71.43% of subjects were
males, with a male-to-female ratio of 2.5:1. The
median percentage of TBSA burned was 70%,
ranging from 50% to 99%, and 93.41% of pa-
tients had third-degree burns. Inhalation injury
was identified in 71.42% of patients. Regarding
the burn mechanism, flame burns were the most
common type of burns, occurring in 90.11% of
patients. The most frequently affected body
areas were the upper limbs (97.80%), the torso
(92.31%) and the lower limbs (90.11%). Among
the 91 patients, 67 (73.62%) were referred to
our Burn Unit from other hospitals located in dif-
ferent regions of the country (Table 1).

Prognostic scores were assessed. In our studly,
the ABSI score was above 12 in 60.44% of pa-
tients and 10-11 in 31.87% of subjects. The me-
dian rBaux score was 138, with higher values of
the median rBaux score in the non-survival
group than the survival one (141 versus 110).
Among the 91 patients, 47 (51.64%) had a BOBI
score =7 points, corresponding to a mortality
equal to or greater than 75%. Also, the discrimi-
native power of prognostics scores (ABSI, rBaux

TABLE 1. Demographics and clinical characteristics of
study patients
% . . Number of| Proportion
Variables Classification patients (%)
Sex Female 26 28.57
Male 65 71.43
20-40 20 21.98
Ageiyens) 41-60 38 41.76
e 61-80 27 29.67
>80 6 6.59
Mok Flame 82 90.11
oF it Electric 6 6.59
i Scalds 3 3.30
Domestic accident 76 83.52
e Self-inflicted 12 13.19
settng Assault 1 1.10
Work-related 2 2.20
50-60 36 39.56
61-70 15 16.48
% TBSA burned 71-80 19 20.88
81-90 17 18.68
91-100 4 4.40
. Yes 85 9341
Third-degree burns No 6 6.59
Inhalation inju xed & Al
ey No 26 28.58
Head 78 85.71
Neck 70 76.92
Burn site Torso 84 92.31
Upper limbs 89 97.80
Lower limbs 82 90.11
Direct admission 24 26.4
Type of admission Transé'er ﬁ‘nm other 67 73.6
ospitals
Survival Non-survivors 77 84.61
i Survivors 14 1539
/ ROC Curve \
Source of the
B Curve
— ABSI
—RCaI
—— Baux
o8 — Raferenc e Line
g o8
£
w
04
02
) 1 = Specificity
Area Under the ROC Curve
Test Result | Area Std. Error Asymptotic Asymptotic 95%
Variable(s) Sig. Confidence Interval
Lower Upper
bound bound
ABSI 828 058 <0.001 713 942
rBaux 812 063 =0.001 688 936
BOBIL 711 074 0.004 566 856 /
N

FIGURE 1. AUC curve for ABS], revised Baux (rBaux)
BOBI scores

and BOBI) was assessed by receiver operating
characteristics curve analysis (Figure 1). ROC
analysis showed AUC was 0.828 (0.713-0.942)
for the ABSI score and 0.812 (0.688-0.936) for
the revised Baux score, both indicating conside-
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rable accuracy. The BOBI score had an AUC of
0.711 (0.566-0.856), indicating a fair accuracy.

Regarding patient outcome, the mortality in
our study group was 84.61% and 36 (39.5%)
subjects died in the first week after burn injury
(Figure 2). Patients with more extensive burns
(p<0.01) and older onets (p<0.05) had shorter
survival periods. There was no association be-
tween gender and mortality in our study group.

During hospital stay, burn patients developed
a series of systemic complications, as shown in
Figure 3.

Particularly, infectious complications were as-
sessed in our study, focusing on their timeline
and associated outcomes, and we identified
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35 patients (38.4%) who developed infections
(Figure 4). Out of the 36 patients who died in the
first week post-burn injury, in four (11.1%) pa-
tients mortality was associated with sepsis. Out
of the 41 patients who died after the first week,
mortality was associated with sepsis in 19 (46.3%)
subjects. In the survival group (14 patients),
12 (85.7%) patients had infectious complications
that were successfully treated.

Out of the 91 patients, 87 (95.6%) subjects
required intubation and mechanical ventilation
before admission to our Burn Center. In our
study group, the mean number of hours of me-
chanical ventilation was 217.8 hours, ranging
from 5 to 1480 hours. Tracheostomy was re-
quired in 19 (20.8%) patients, with the main in-
dication for tracheostomy being the need for
prolonged mechanical ventilation (17 patients).
An indication for urgent tracheostomy due to dif-
ficult intubation was present in two patients. In-
halation injury was diagnosed by bronchoscopy
in 71.42% of patients.

Regarding surgical treatment, patients under-
went an average of 1.9 surgeries, with the num-
ber ranging from 0 to 6. These procedures in-
cluded escharotomies or fasciotomies, burn
wound excision and skin grafting using auto-
grafts.

The length of hospitalization was assessed for
both survivors and deceased patients. The me-
dian length of stay was eight days in the
non-surviving group and 54 days in the survivor's
group. 4

DISCUSSION

ajor burns present a significant challenge

for healthcare systems, regardless of the
level of development or standards of care.
Despite notable advancements in burn care
achieved in recent decades, treating patients
with extensive burns continues to pose signifi-
cant challenges which require coordinated ef-
forts in prevention, treatment and long-term
care to mitigate their impact on individuals and
society (15). According to guidelines from the
American Burn Association (ABA), specialized
care in dedicated burn centers is recommended
for patients with more severe burn injuries. Re-
commendations for transfer to the Burn Center
include patients with full-thickness burns, partial
thickness =10% TBSA, burns of the face, hand,
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feet, perineum or major joints, suspected inhala-
tion injury, concomitant trauma, preexisting se-
vere illnesses, all chemical burns and high-vol-
tage electrical injuries (16).

We reviewed the existing literature and cor-
roborated it with data available in our institution
to analyze a series of parameters that modify the
outcome in burn patients with burn surfaces
exceeding 50% TBSA. We identified 91 patients,
among whom the median percentage of TBSA
burned was notably elevated up to 70% (ranging
from 50% to 99%). According to the literature
data, an increased surface of burns is a significant
predictor of mortality (4, 17, 18). In a multicenter
prospective  cohort study conducted by
Jeschke MG et al in North America (5), mortality
risk surged beyond a threshold of approximately
54% TBSA burned, signifying a considerable in-
crease in the likelihood of death, multiple organ
failure (MOF) was significantly associated with
burns encompassing approximately 50% TBSA,
while the risk of encountering at least two burn
wound infections/contaminations escalated no-
tably with burns affecting around 45% TBSA.
Moreover, the likelihood of sepsis elevated sub-
stantially when burns involved roughly 50%
TBSA.

The mechanism of burns is another factor
that can significantly influence the severity of the
injuries. In our study, most burns were caused by
flames (n=82, 90.11%), while electrical injuries
(n=6, 6.59%) and scalds (n=3, 3.30%) were
only the causes of a minority of burns. Flame in-
juries occurred mostly from gasoline ignition
caused by improper handling of gasoline, setting
fire to crops, explosions due to liquefied petro-
leum gas cylinders, or gas central heating mal-
function. The majority of burns were domestic
accidents (n=76, 83.52%), while self-inflicted
burns (n=12, 13.19%) and work-related injuries
were less frequent (n=2, 2.2%). Most injuries in
our study were accidental and could have been
prevented. Flame burns are also the leading
cause of burn injuries in other studies on the
adult population (19-20). Previous studies cor-
related flame burns with a higher mortality rate,
which may be attributed to their association with
more extensive and deeper burns, as well as the
presence of inhalation injury (21, 22).

Flame burns are frequently associated with
inhalation injury, which in our study were found
in 71.4% of patients. Fiberoptic bronchoscopy is

considered the gold standard for diagnosing and
assessing the severity of airway inhalation injury
and can play a role in predicting the clinical
course of patients with airway injury and in de-
tecting complications early on (23). Data from
the literature also reported inhalation injury as a
negative prognostic factor in severe burns
(24, 25).

For patients with major burns, respiratory
support, including mechanical ventilation, is
often a necessary component of treatment due
to the severity of their condition. In our study, we
noticed that 95.6% of patients required mecha-
nical ventilation. In 20.8% of patients, a trache-
ostomy was performed. In our study group, the
mean number of hours of mechanical ventilation
was 217.8 hours, ranging from 5 to 1480 hours.
A study by Xiao et al identified several risk factors
for prolonged mechanical ventilation, including
the presence of inhalation injury, ABSI score,
% TBSA burned, albumin and lactic acid levels at
admission (26). Extended mechanical ventilation
can lead to complications such as ventilator-as-
sociated pneumonia, ventilator-associated lung
injury, complications related to prolonged seda-
tion and immobility, and it is often indicative of
severe injury and systemic complications. In our
study group, 19.7% of patients were diagnosed
with pneumonia and all subjects were mechani-
cally ventilated at the time of diagnosis.

Regarding burn depth, a paramount prognos-
tic determinant of burn severity, 93.41% of pa-
tients had third-degree burns. A common prac-
tice in our study group was to excise all deep
dermal and full-thickness burned areas within
the first 72 hours of injury after the burn injury,
and to harvest autologous split-thickness skin
grafting for wound coverage, using mesh grafting
or the Meek micrografting technique. Early burn
wound excision and covering with autologous
skin grafts is a standard surgical procedure in the
management of severely burned patients (27, 28).
Patients with extensive burns commonly expe-
rience systemic complications both during hospi-
talization and in the long term, including the re-
habilitation period. These complications pose
diagnostic challenges and necessitate early dia-
gnosis and prompt multidisciplinary treatment to
enhance patient outcomes (29).

In our study group, cardiocirculatory compli-
cations were found in 93.4% of patients. Previ-
ously published studies showed that burn inju-
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ries cause significant hemodynamic and cardiac
disruptions, influenced by various factors such as
plasma volume loss, smoke inhalation, hypoxia,
hormone release and inflammatory cytokines
(30, 31). Cardiac dysfunction has been consis-
tently linked to worse outcomes in both adult
and pediatric populations affected by burns (32).

Metabolic complications were encountered
in 84.6% of our patients. Previous studies showed
that hypermetabolism was a key feature of the
body's stress response to burns, with an increased
metabolic rate, burn-induced muscle wasting,
cachexia and insulin resistance (33).

Hematological complications, including ane-
mia, thrombocytopenia and coagulopathies,
were present in 74.7% of our patients. The de-
velopment of coagulopathy is linked to the ex-
tent of burn injury, as measured by the percent-
age of total body surface area affected, the
presence of full-thickness burns and inhalation
injuries (34). Severely burned patients often face
acute blood loss during surgeries and proce-
dures, as well as challenges related to anemia of
critical illness, characterized by blunted erythro-
poiesis due to the body's response to severe in-
jury (35).

Renal complications were diagnosed in 64.8%
of subjects included in our study. Acute kidney
injury in burn patients can manifest at two distinct
time points: early during the resuscitation phase,
due to hypoperfusion and under resuscitation,
cardiac dysfunction, inflammatory mediators and
nephrotoxic drugs, or later as a complication sec-
ondary to sepsis or septic shock (36, 37).

Hepatic complications were encountered in
59.3% of patients. A study by Jescke et al showed
that immediately after burn, the damage of the
liver was associated with hepatic edema forma-
tion and a subsequent increase of the liver en-
zymes and acute-phase proteins, while serum
bilirubin increased at one week and two weeks
after burn injury (38). Other causes of liver da-
mage are hypoperfusion during the resuscitation
phase, release of hepatotoxic substances, intra-
hepatic cholestasis and hepatic apoptosis due to
an ischemia-reperfusion mechanism and proin-
flammatory cytokines (39).

Infections are the most common and signifi-
cant complication in burn patients (40-41), who
are particularly susceptible to sepsis due to com-
promised skin barriers and immune suppression.
Out of the total 91 patients, 35 (38.4%) subjects
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experienced infections. In our study, we ob-
served that infections were not the primary com-
plication. This was because the selected sample
comprised patients with extensive burns, and
they predominantly developed other organic
dysfunctions due to the severity of the burns.
Part of the patients in our study rapidly deceased
after the injury due to the severity of the burn
shock and they did not live long enough to de-
velop infections. The most common types of in-
fections comprised burn wound infections,
which affected 29 (31.8%) patients, followed by
pneumonia in 18 (19.7%) patients, bloodstream
infections in 16 (17.5%) patients and urinary
tract infections in four (4.3%) patients.

In our specific study group, mortality was
very high (84.6%) and we identified several risk
factors for negative prognosis: the median per-
centage of TBSA burned was 70%, more than
three-quarters of patients were over 40 years
old, 93% of subjects had extensive third-degree
burns and inhalation injury was present in almost
three-quarters of patients. The majority of stu-
dies in the literature included all patients admit-
ted to a certain burn center, regardless of their
burned total body surface area, rendering com-
parison of our study group with other cohorts
difficult.

A particularity encountered by us is that our
institution is the only specialized burn center for
adults in Romania, to which patients with the
most severe burn injuries are referred from all
across the country for treatment. This situation
differs from other countries, where multiple burn
centers are serving individual geographic re-
gions. Transferring patients from long distances
and late admission can lead to loss of the critical
moment of initial resuscitation, which can si-
gnificantly impact prognosis. More than
two-thirds of patients included in the present
study were referred to our Burn Center from
other regions in our country and were in severe
shock on admission because of long-distance
transfer and inadequate fluid resuscitation.

Several predictive scores have been deve-
loped to assess burn severity and forecast morta-
lity in burn patients. Using risk assessment mo-
dels can be an effective strategy for identifying
the subset of individuals who require additional
attention in terms of therapy, resource allocation
and cost management. We usually assess the
ABSI score at admission for severity prediction.
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In our study, the ABSI score was above 12 (sur-
vival probability < 10%) in 60.4% of patients
and 10-11 (survival probability 20-40%) in 31.8%
of patients. The median ABSI score was higher in
the non-survival group than the survival one
(12.5 versus 10). A study by Usmani et al showed
that survival was 83.33% in patients with an ABSI
score of 9-10% and 0% when the ABSI score was
>11 (42). In our study group, the AUC value for
the ABSI score — 0.828 (0.713-0.942) — showed
a considerable degree of accuracy. Nevertheless,
these models have a critical limitation: they do
not incorporate comorbidities in burn patients
and overlook mortality risks in critically ill indi-
viduals (43).

The present study has several limitations. Pri-
marily, its reliance on a single-center experience
restricts the generalizability of findings, as prac-
tices and resources vary across different institu-
tions. Moreover, burn patients are referred to
our Burn Centre from all around the country,
leading to a selection of the most severe cases,
sometimes with patients beyond therapeutic re-
sources. Additionally, transporting patients over
extended distances to reach our Burn Centre can
worsen prognosis since it involves a delay in spe-
cialized treatment. Another drawback of our in-
vestigation was that the study was conducted
retrospectively.

CONCLUSIONS

he management of major burns presents a
serious burden for healthcare systems world-
wide, demanding specialized resources, exper-

tise and infrastructure. Our analysis reveals the
grim reality of high mortality rates among pa-
tients with burns over 50% TBSA, with significant
determinants including the extent of the burn,
patient’s age and presence of inhalation injury.
Regarding patient outcome, the mortality in our
study group was 84.6% and 39.5% of patients
died in the first week after burn injury. In those
with burns over 50% TBSA, we encountered se-
rious systemic and infectious complications.
Prompt diagnostic and adequate treatment of
these severe complications is mandatory to avoid
multiple organ dysfunction syndrome and subse-
quent death. Burn centers play a critical role in
providing specialized treatment for severe burn
injuries, significantly improving survival rates and
recovery outcomes through comprehensive care
and rehabilitation services. The high proportion
of patients with extensive burns referred to our
burn center from distant regions, often in severe
shock due to delayed access to specialized care,
highlights the need for systemic improvements in
the pre-hospital management of burn injuries in
Romania to optimize patient outcomes. U
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